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OH  THE  PROBABIJ5  REASON  WHY  CERTAIH  PERIODIC  C010BTS 
HAVE  HOT  BEBH  FOUHD  OH  THBIR  PREDICTED  RETURH8. 
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Certain  comets  for  which  periodic  orbits  were  derived  hare 
not  been  found  again  in  spite  of  the  fact  that  search  ephemerides 
have  been  computed  for  expected  returns.  In  some  oases  a  satis- 
factory explanation  has  been  made*  while  in  others  the  failure  to 
find  the  comet  has  remained  unexplained.  The  orbits  from  which  the 
ephemerides  are  computed  are  in  general  definitive  orbits  based 

upon  a  least  squares  reduction  of  normal  places  formed  from  all 

.-*•&  if*  the  perihelion  time.  This  SB***  jrrnng*  p*(M> 
the  available  observations.  In  the  computation  of  a  search  ephemerii 

&  range  in  '  *f  as  asuah  as  df  &s  aaueh  as  8 

allowance  should  be  made  for  uncertainties  in  the  elements  due  to 

errors  in  the  observations*  limitations  in  the  length  of  the  are 
over  which  the  comet  was  observed,  and  partial  theoretical  inde- 
terminateness.  In  some  cases  allowance  has  been  made  and  still 
the  comets  were  not  found.  The  question  arises  whether  perhaps 

because  of  the  inaccuracies  in  the  observations  and  the  inconsisten- 

4,913  (Be  la  van)   wfciefc  ***  1*1 

oies  between  them,  it  would  have  been  advisable  not  to  go  to  the 

*  w%&  dis*- 

laborious  work  of  forming  normal  places  and  making  a  least  squares 
reduction,  but  rather  to  compute  a  set  of  elements  based  upon  three 
reliable  positions  covering  as  long  an  arc  as  possible.  Kaon  of 
these  three  positions  could  be  formed  from  three  or  four  observa- 

tions close  together  in  time  and  shown  by  comparison  with  an  ephe- 

p**MNl 
meris  to  agree  fairly  well  with  each  other.  In  order  to  furnish 

criteria  for  determining  what  variations  can  be  allowed  in  the 

elements  because  of  the  inaccuracy  of  the  observational  material, 

^*r«  in  a  region  S?  by  13&  .  Th«  po: 
the  period  can  be  varied  arbitrarily  and  corresponding  new  orbits 
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computed.  A  comparison  of  the  changes  in  °^  and  S  for  given  obser- 

•;t  b&otd  ui:     1* 
ration  dates  due  to  this  arbitrary  change  of  the  Period  with  the  un* 

yVO  o  I  c| 

certainty  of  the  given  observations  furnish  the  criteria  desired. 
This  method  of  procedure  will  give  a  means  of  determining  whether 

i  i  nm>mn-.^ii..  jtnjuoju  j.r  uu.  tmmm  n»  tinr  .•^f^n,.-— .:»-»..«•.•>•.—««.««<*»••(••*•'«•' 

the  search  ephemeris  gives  sufficient  range  in  which  to  search  for 
the  comet.  If  the  range  is  larger  than  that  allowed  for  in  the 
ephemeris,  the  failure  to  find  the  comet  would  be  wcpiained  by  the 

•y  •'*•;;_  <V''   ^  'j       '  v,-.  •        '  r  .    i  •  •  :-.-,  >  .  "t^: ;  M-  •  ;  ;  •  vV .., 

fact  that  it  probably  lay  in  a  region  outside  of  the  limits  of  the 
search  ephemeris. 

3Por  example  i  a  search  ephemeris  was  computed  for  Brorsen'a 
comet  ( 1879  I  )  for  its  return  in  1900.  Only  a  small  range  of  ^ 
4  days  was  allowed  in  the  perihelion  time.  This  small  range  pro* 

o  0 

duced  a  range  in  °<-  of  as  much  as  31  and  in  °  of  as  much  as  8  . 

I 
A  search  was  made  by  K.C. Pickering  but  the  comet  failed  to  appear. 

F" 

A.H.  155,  p.  247 

......  

The  range  of  the  comet* s  position  is  probably  much  larger,  a 
variation  of  only  four  days  being  rather  small. 


On  the  other  hand  Comet  d  1913  (Be la van)  which  was  later 

found  to  be  identical  with  Comet  1352  1S52  IV  (Westphal)  ,  was  dis- 

2 

covered  in  a  region  covered  by  Mnatek's   ephemerides     for  the  return 

P 

A.N.    195,  p.    205. 

of  Westphal1 s  comet  in  1913.  These  ephemerides  are  computed  for 
periods  60.5,  60,6,  etc.  years  up  to  61.3  years.  Thus  according  to 
these  ephemerides  on  January  25  the  comet  could  lie  anywhere  in  a 
region  29  in  right  ascension  by  37  in  declination,  and  on  oeptem- 
ber  22  anywhere  in  a  region  87  by  118  .  The  positions  of  Belavan's 
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period  and  the  1913  observations  resulted  in  elements  closely  agree* 

•  fl  A.K  Ack.T. )  mrt   *\4P  *./••»  !»•.•*/  A~  "W  Y 


1  L.O. Bulletin  Ko.  244 


In  this  paper  the  method  of  variation  of  period  will  be  applied 
to  Comets  1384  XI  (Barnard)  and  1881  V  (Denning).  The  work  will  be 
based  upon  three  of  the  places  used  by  the  computer  of  what  appears 

to  be  the  best  orbit.  The  period  of  this  orbit  will  be  arbitrarily 

i  A 

varied  and  differential  corrections  found  to  the  heliocentric 

velocities  and  coordinates  and  the  selected  observations  represented 

to  obtain  the  residuals.  These  residuals  will  then  be  studied  to 

•:  v**3r  "SippyjklBOBt  '-.ijS1' 

obtain  the  range  of  solution. 

The  differential  corrections  will  be  obtained  by  means  of 

2 
Leuschner's  formulae  for  a  Differential  Correction.  In  these 

*  Publ,  JUO.  Vol  VII. 

'"'"   """"""" "* 
formulae  corrections  are  found  to  the  distance  from  the  earth (P.) 

and  the  heliocentric  velocities  (x'0»yo'  ,*0f )  at  a  given  date  as 
functions  of  the  residuals  of  the  initial  orbit,  the  developments 
are  made  by  means  of  both  series  and  closed  expressions,  the  former 

if  •  y  :  .. 

to  be  used  for  short  arcs  and  the  latter  for  long  arcs  for  which 

<M»  -sjgpii isr sy  us.  fRe-  iJi^«ruiii  &*~ 

the  series  are  not  convergent.  Both  the  series  and  closed  express- 
ions are  given  for  the  case  where  it  is  desired  to  cnange  from  an 
initial  parabolic  orbit  to  another  parabolic •  a  hyperbolic,  or  an 
elliptic  orbit.  In  the  case  of  an  initial  elliptic  orbit  the  de- 
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velopments  are  limited  to  the  computation  of  another  ellipse,  as 

1*  first  ,r.j»y*|  Ob**         w&*.  «s». 
It  would  BO  rarely  be  the  case  that  one  would  wish  to  change  an 

adopted  ellipse  into  a  parabola.  Since  the  publication  of  Volume  VII, 
however,  Professor  Leuschner  has  devised  a  Generalized  Conditioned 
Solution  whereby  one  may  change  any  orbit  of  semi-maj  or  axis  o.0into 
any  other  of  seai-maj  or  axis  a.  The  formulae  f or  this  solution  are 

very  similar  to  those  for  the  solution  of  a  parabola  except  that 

1 
in  the  auxiliary  quantity  P. 

1 

p.  295. 


1  *  JL_  must  be  substituted  for  1  .  this  method  was  devised  in 

a0  a  a0 

order  to  determine  from  very  short  arcs  fairly  accurate  elliptic 

orbits  in  oases  of  cornets  whose  identity  with  previously  observed 
comets  seemed  probable.  In  fact ,  it  has  been  of  considerable  ser- 
vice in  establishing  identities.  It  was  applied,  for  instance*  in 
the  case  of  Comet  b  1912  (Sohaumasse-futtle). 

"A  preliminary  orbit  of  Comet  b  1912,  discovered  by  Sohaumasst , 
was  calculated  by  tfayet  at  nice  before  the  observations  necessary 
for  a  computation  had  reached  Berkeley,  irayet  announced  a  similarity 
of  the  parabolic  elements  with  those  of  Tuttle's  comet,  which  nad 
appeared  13  1/2  years  previously.  A  new  process ,  in  the  nature  of 
a  conditioned  solution,  was  then  applied  by  us.  The  interval  be- 
tween the  perihelion  pas  sages  of  the  two  comets  which  are  suspected 

:'     jfc^  M*  M   jfc^*   ^•V^vA  4  *A  i^i   "i  w^   """  *fli  ^   -'' • 

to  be  identical  is  assumed  to  be  a  multiple  of  the  period.   In  order 
to  test  this  new  principle*  a  general  solution  without  fcypotheeis , 
....***...   was   .    .    .   applied.   A  remarkable 
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condition  was  found  to  exist.  The  first  three  observations  me.de  on 

October  21,  22  and  23  could  be  satisfied  by  any  kind  of  an  orbit 
from  a  circle  to  a  parabola.  If  the  new  principle  had  the  practical 
value  that  the  theory  showed  it  tc  possess  ,  then  a  conditioned 
solution  of  the  orbit  of  Schaumasse's  comet,  on  the  basis  of  the 
actual  period  of  13.7  years  of  Tuttle's  comet,  should  bring  the 
new  elements  into  close  agreement  with  those  of  Tuttle's.  This  was 
actually  found  to  be  the  case*  while  neither  a  parabolic  nor  a 
general  solution  could  have  confirmed  the  identity  of  the  two 
comets  from  so  short  an  arc.  The  introduction  of  this  principle  was 
all  the  more  important  for  this  comet  because  an  attempt  to  repro- 
duce the  position  of  the  new  comet  from  the  orbit  of  Tuttle's  comet 
resulted  in  a  discrepancy  of  80°  in  the  position.  This  discrepancy 
was  due  partly  to  perturbations  which  Tuttle'o  comet  had  suffered. 

. 

in  the  meantime  and  partly  to  the  relative  positions  of  Sun,  comet 
and  Earth,  which  aggravated  any  displacement  with  reference  to  the 
Sun  when  viewed  from  the  Earth.  The  interval  between  the  dates  of 
perihelion  passage  in  1899  and  1912  corresponded  to  an  average  mean 
motion  of  263".   later  JTayet  calculated  the  efiect  of  perturbations 
on  the  original  mean  motion  of  269". 6  and  found  this  effect  to  change 
it  to  264"  ,  in  close  agreement  with  the  value  we  had  obtained  by 
our  principle  of  identification  without  performing  the  computation 
of  the  perturbations.* 

"Recent  Progress  in  the  litudy  of  Motions  of  Bodies  in  the  bolar 

System"  -  A.O.Leuschner  in  the  Ado If o  btahl  ^ectures  in  Astronomy. 
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Likewise  by  an  assumption  of  the  period  of  Comet  1919  b 

^ 
(Brorsen-Metcalf ) ,  Mr.Jeffers     was  able  to  derive  elements  fo* 


• 


Metcalf's  comet  from  an  arc  of  14  days  which  agreed  very  closely 

OfflAA    *j'!*'fe4 1  f<f-  f-,    £,  jfani&r<'&     -4  A     irifn-WT-  <f  4 W    •vl-i'i  «*     I'ws.c/'-      •*•- * 

with  those  of  Brorsen's  comet*   1347  V,  and  which  also  agreed  very 

closely  with  those  computed  later  from  a  larger  aro  of  5?  days  by 

2 
Braae  and  i'ischer -Peter  sen* 

'&$> '$'$¥<$<!  'Uftis   ddii  ..       \  i     - -^ . 


2   A.H.    211  p.    566. 


^•^^ 

The  same  method  proved  equally  adaptible  in  the  case  of  Comet  d 

ki 

1919   (Pinlay -Sasaki). 

2 

by  H.T.Crawford  and  misses  ^airfield  and  Cuaamings  ,  I*. 0. Bull*   325. 

~ 
These  solutions  are  usually  based  on  very  short  arcs  and  the 
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for  the  direct  solution  and  for  the  differential  correction,  the 

. 
only  modification  being  the  one  mentioned  above.  In  the  cases  un- 

der investigation  here  »  on  the  other  hand,  the  conditioned  solu- 
tion has  to  be  based  upon  long  arcs  which  require  the  use  of  closed 
expresbions.  Professor  J-euschncr  gives  the  fundamental  equations 
for  thin  on  page  265,  namely 


or  as  on  page  354 

•  • 

<*c.^  fo  +  P«:pjco'  -v^^^o  -t-Su'3i<>  =v^          where  i-k  1,2.  ,3  »4  , 

the  coefficients  being  expressed  by  the  quantities  given  on  page 
554  and  applying  to  the  case  of  an  initial  ex-Uptio   orbit.   These 
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are  four  equations  c srreeponding  to  the  residuals  in  tht  °L  and  ° 
of  the  first  and  third  places  and  when  solved  give  corrections  to 
PO  »  *'  •  yl  »  and  zo  which  would  yield  a  general  orbit  accurately 
representing  the  observations.  If,  however,  one  desires  to  obtain 
a  conditioned  orbit  in  which  one  element  is  known  (in  this  case  the 
Period  or  the  semi-maj  or  axis  a)  ,  he  must  use  Just  three  of  the 
above  equations  and  substitute  the  assumed  condition  for  the  other 
equation.  To  force  this  condition  it  is  necessary  to  compute 


V 


,  and  <J-  from  the  above  equations  and  then 


apply  formulae  (5)   and  (6)  p.  295  to  determine^  with  the  substitu- 


tion of  JL_  -  JL_  for  .1^  .  yor  the  case  where  the  initial  orbit  i* 

a0   a      a0 
parabolic  the  fundamental  equations  are  given  in  (47)  p.  502  and 

C  Jk  '  '      ^?  ^  *•  *"*  *"" 

the  P's  and  Q«s  in  (54)  and  (55)  p.  303.  'jftu  coefficients  in  (47) 
p.  302  differ  from  those  in  the  general  formulae  p.  334  by  the  terms 
with  subscript  "2".  Therefore  the  formulae  for  a  conditioned  solu* 

f\*m    j#Ta     -^"'d     Q*8    ISA'*    IMVV    ba    U^M&    111    f  ft)     ££  '  '  G1*- 

tion  based  upon  an  initial  ellipse  mi^tit  be  derived  as  on  p.    303. 

3ror  the  sake  of  clearness,  however,  they  have  been  derived  direct- 

ssiaa*-  a  tM-       .          ?mtian  tttr  '""--' 

ly  from  p.   334  as  follows: 
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Here  the  equation  subscript  2  has  been  discarded  so  as  to 
throw  the  residual  into  the  first  declination. 
Solving  these  by  determinants  gives 
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8C        .ip  ***!  with  •  .  ?&  fcl.U?.      -bit*  w* 

with  corresponding  expressions  for  c)y^  and  ^  . 

Expanding  these  gives 


where  i  «  1,5,4  and 


Th«n  by  equating  ooeffioients  one  gets 
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y     z 


The  Pfs  and  q,»s  may  now  be  used  in  (5)  and  (6)  p.  295  to- 

nJrintTfn  ft 

gether  with  the  substitution  of  JL_  *  JL_  for  JL_  .  If  it  is  d*» 
sired  to  concentrate  the  residual  in  the  third  declination  the 
formulae  remain  the  aame  as  above  except  that  2  is  substituted 

*••••&  O^MHii 

for  subscript  3,  and  3  for  4. 

•'•*L       A  {ai&Pfij)      flFV^l  • 

Comet  188  4  II v ( Barnard) 

Comet  1884  II  (Barnard)  was  discovered  by  Barnard  in  Nash- 
ville, Tennessee,  on  July  16,  1884.  The  comet  seemed  like  a  rather 
large,  faint  nebula  with  a  slightly  condensed  nucleus.  It  remained 
under  observation  until  tfovwuber  20  ,  tiiere  being  in  ail  288  obser- 
vations, fhe  first  five  orbitft  computed  by  Chandler,  weies  ,  Oppen- 
heim,  Stechert ,  and  Havene  ,  respectively  were  parabolic  and  did 
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not  check  up  well  with  later  observations.  Seven  elliptic  orbits  were 
computed  ,  one  each  "by  tfinlay  ,  Morrison  ,  Frisby  ,  and  Egbert  »  and  three 
by  Jerberioh,  the  periods  ranging  from  5.1  to  5.7  years.  These  orbits 
are  as  follows: 


nebat  Anaierkungen  und  Mteratur-lfachweisen,* 


1*  PC 


T 

B\t,'     f 
•  JKL  •  X 

•'"    '"  ti— 

1884 

tx)                                       d  L>                                           i                                               A                                        P                                         J 

iro 

Com] 

,16.54671 

301° 

09*39 

4°54' 

01" 

5°30 

36* 

0.595379 

5M.6618 

July 

17-yept 

.17  ?li 

16.46276 

300 

57   44 

5   11 

24 

5^37 

19 

0.5823692 

5.3613 

July 

25~8  ept 

23  M°T 

16.32674 

300 

46    13 

5  23 

51 

5  24 

49 

0.571626 

5.1435 

Aug. 

12-00t. 

20  frJ 

16.52005 

301 

02   42 

5  08 

36 

5  27 

33 

$.5639537 

5.2945 

July 

23  -Oct. 

84  Xgl 

16.52067 

301 

03  41 

5  03 

50 

5  23 

50 

0.  $88663 

9.5 

Ju2y 

23»^ept 

.  14  ^ei~ 

16.48480 

300 

59   46 

5   10 

52 

5  27 

14 

0.582461 

5.3622 

July 

26  -Oct. 

23 

16.51654 

301 

01  59 

5  08 

59 

5  27 

33 

0.5842139 

5.4037 

July 

33*lfov. 

18 
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equinox  1334.0. 

Li  #   «  i;  . 

The  last  is  a  definitive  orbit  and  is  based  upon  all  the  obaer 


vat  ions  available. 


A.H.  123  p.  145. 


39fo  search  ephemeris  was  computed  for  1890  because  the  comet 
would  be  too  close  to  the  Sun  and  therefore  in  an  unfavorable  posi- 
tion for  observation.  For  the  year  1895 ,  however ,  a  search  epheaeris 
was  computed  by  Berber! ch.2  This  ephemeris  extends  from  April  24  to 


A. If.  136  p.  333  and  138  p.  287. 


corrected  for  the  Jupiter  perturbations  which  are  very  small.  Berbericfc 
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assumed  that  the  time  of  Perihelion  passage  at  this  second  return 
might  be  in  error  by  -  8  days  which  corresponds  to  ±  4  days  in  the 
period  for  each  of  the  two  returns  in  1890  and  1895  and  allowed  for 
this  by  computing  three  ephemerides  ,  one  for  T  as  given  by  the  orbit  • 

one  for  T  increased  by  8  days,  and  one  for  T  decreased  by  8  days  , 

i  acifcJbiiMu  r&Cft  TtonisT*  4M&u1 

the  other  elements  remaining  unchanged.  There  is  no  record  of  the 
comet  having  been  found  or  searched  for  on  this  return.  Eerberich 
also  computed  an  ephemeris  for  a  return  in  1900,  the  ephemeris  ex- 


A.H. 153  p.  221 


the  perihelion  date  an  increased  range  of  32  days*  or  -16  days  in* 
stead  of  24  days  or  -  12  days.  On  August  28  the  comet  according  to 
the  search  ephemeris  could  lie  anywhere  within  an  area  11°  15*  by 
5°5f  and  on  December  2  within  an  area  18°30*  by  4°59*  .  B.C.Picker- 
ing searched  for  the  comet  on  this  return,  but  states  that  he  was 
unable  to  find  it. 

A.H.  155  p.  247. 

The  work  of  Berberich  is  a  very  precise*  detailed  piece  of 

work.  Ke  first  makes  an  independent  investigation  of  the  comparison 

. 
stars  including  their  proper  motion.  Then  with  the  second  set  of 

elements  computed  by  himself  he  computes  an  ephemeris  covering  the 
whole  interval  of  observation.  The  observations  are  listed  chronologi- 
cally and  the  residuals  show  the  difference  between  the  observed 
places  and  the  places  as  computed  from  the  ephemcrie.  These  obser- 
vations are  weighted  and  grouped  into  twelve  groups  and  the  weighted 
mean  residual  formed  for  each  group.  With  these  weighted  mean  reai- 
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duals  and  positions  from  the  ephemeris  12  normal  places  are  formed. 
The  perturbations  in  <*~  and  ^  due  to  the  Earth  and  Jupiter  are  then 
tabulated  and  applied  to  the  normal  places.  Then  a  least  squares  re- 
duction ia  made  with  the  use  of  Sohonfeld*s  Differential  formulae. 
The  equations  of  condition  are  combined  into  normal  equations  in 
which  .5  .  a  quantity  depending  upon  ^  is  the  unknown.  These  are 


then  solved  by  least  squares  to  determine  S  and  the  corrections 

to  the  elements  found.  The  resulting  elements  after  the  application 

k^j^eneya^  rw.c      .  „  ,  '*  1»      •' 
of  theae  corrections  are  as  follows: 


in  residual*  ift  c 

Epoch  B.M.T.  1384  August  16.5 

-  359°   59*    49. "13   +   2.50 


501 

01 

58. 

63 

—    21.10 

5 

08 

59. 

12 

+     26.44 

5 

27 

36 

40 

-       5.53 

35 

44 

50. 

92 

98.25 

657*.  0839±0".  8876 

-     0.4882572  ABd  m  0ettfM*1*  it  1»  »l/4. 

1384  August    16.516543 

•&   1972. 35  ±-  2.66  days. 

This  resulting  orbit  agrees  quite  closely  with  the  orbit  by 
Egbert*  the  mean  motion  of  the  latter  orbit  being  657.  75.  It  seems 
that  Egbert* s  orbit  would  have  been  satisfactory  for  the  computation 
of  a  search  ephemeris  and  that  the  formation  of  normal  places  and 
a  least  squares reduction  was  really  unnecessary.  At  least  some 
elements  computed  from  three  places  each  formed  from  three  or  four 
observations  which  agree  fairly  closely  with  each  other  should  hav* 
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¥He  niddXftj  plao$  is  tits;  epoch  of  Berber  iohf  s  orbit*  and  tfot 
furnished  an  idea  as  to  the  limits  of  position. 

On  looking  over  the  tabulation  of  the  disagreement  between 
ephemeris  and  observation  on  p.    169  and  following*  it  is  seen  that 
there  is  a  great  discrepancy  between  observations.   The  residuals 
oscillate  back  and  forth  and  do  not  show  much  of  a  systematic  tendency 
at  all.   #or  example  ,  on  September   14  an  observation  at  Dresden  gives 
d<*  =-  +  0?19  afcd  d£-  +  7."5,  while  one  at  Arcetri  gives  -•  0?23  and 

*****»•    A.MvwV  ^Ww   *  w  A  •"•OwUJjff  reo  1  »*li*  J. «     •  *    AjiJFipV  c*15v»     v  .'i  P.  k  3    7^97nH&  * 

-  6. "a.  The  general  run  of  residuals  in  that  vicinity  is  toward  that 
of  the  Arcetri  residuals.  The  variation  in  residuals  in  £  is  seen 

M3 

in  this  case  to  be  14.  &.   Likewise  on  September  21  Berlin  gives 
d^--0?S2*  dc^  -4/5  and  the  Cape  of  Good  Hope  gives +~0f50  and  —4/0. 
Here  the  run  of  residuals  is  also  negative*  the  +0? 50  being  a  decided 
departure.  Here  there  is  a  large  range  in  dismounting  to  If 32.  On 
September  11  nice  and  Glasgow  show  a  difference  of  1?34  in  d<*-  ,  the 
Glasgow  observation  departing  decidedly  from  the  general  run.  On 
October  15  there  is  a  variation  in  d*  of  If 98 ,  in  do  13. "8.  On 
October  9  the  range  of  d<5  is  14/5.  and  on  October  16  it  is  21/4* 

Berberich  recognized  the  inaccuracy  of  the  observations  and 
allowed  for  it  in  the  search  ephemeris  by  allowing  his  perihelion 
time  a  range  of  16  days.  This  range  will  now  be  investigated  to 
see  whether  this  allowance  was  large  enough  in  the  face  of  the  in- 
accuracy of  the  available  material. 

*9  ^<JUt  .*•  *  9    ^HKP  «*         '   «w    «"*«»*f> 

The  following  three  of  Berberich1 s  places  will  be  used. 
Date  (B.Ji.T.)  <^  (*pp.|          £  (&PP-) 

'  - 

X.          July  23.5  240°   53*    27**. 4  -37°      14*    07*. 2 

IX.        Aug.    16.5  259     20      38    .2  36       20      53   .0 

III.      Uov.    12.5  335     03     06.    3  -  9        36      32    .4 
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The  middle  place  is  the  epoch  of  Berberich1  s  orbit  and  the 
other  two  are  so  chosen  as  to  cover  the  whole  arc  of  observation. 
It  is  recognized  that  a  better  choiee  of  placed  could  have  been 
made  -  namely ,  one  in  which  the  intervals  of  time  between  observa- 
tions are  equal.  However,  the  work  is  to  be  approximate  and  need 
not  necessarily  be  based  upon  equal  intervals.  These  times  have 
been  corrected  for  aberration  and  the  places  for  parallax.  Berberich* e 
orbit  leaves  the  following  residuals  in  the  first  and  third  normal 
places: 

]    ,  o,'-,."*  -^;WW 

(0  -C  )       ^S  +  2*. 6         *U*.2 

n  <*,-••  ••*.„•  and  <3...  Weaitae  the  outi     $  r*sl£u*l 

These  are  residuals  from  a  least  squares  reduction  and  there- 
fore should  give  the  best  representation  possible  on  the  assumption 
that  the  sum  of  the  squares  of  the  residuals  should  be  a  minimum. 
Therefore  the  residuals  will  be  considered  errors  of  observation 

and  assumed  equal  to  zero  and  a  differential  correction  made  of 

• 

Berberich*  s  orbit  by  .beuschner's  method  of  Conditional  Solution  as- 
suming  periods  5.3  and  5.5  years.  The  resulting  residuals,  after 
correction  has  been  made  for  the  perturbations  as  tabulated .by 
Berberich ,  are 

Period  5.3  Berberich        5,6 


(0   *  0) 
It   *  0) 


in         nr  ^J~       in 

+14*. 4     -2".0         ^13". 1        -1". 9      +12". 7      -1*1 
-»-23    .5   -12    .3         +2   .6      -13    .2        -17    .0      -13.6 


The  residuals  in  the  first  and  third  right  ascensions  and  the 
third  declination  are  practically  the  same  as  those  of  Berberich' s 

".;....  ')»:•' 

orbit  and  furnish  a  checfc  on  the  computation.  The  slight  differences: 
are  accounted  for  by  the  effect  of  higher  order  terms  in  the  differ- 
ential correction  and  by  the  accumulation  of  errors  in  the  computation 
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.  . 

to  six  places  as  compared  with  Berberich'  s  seven-place  computation. 

The  differential  corrections  were  made  so  as  to  confine  the  residual 
to  the  first  declination  and  this  residual  alone  is  of  importance  for 

**  .**     6:,  v.        ~~r"   "J" 

our  purpose.  By  interpolation  between  the  residuals  in  the  first  de- 
clination for  the  periods  5.3  and  5.5  years*  it  is  found  that  a  resi- 

dual of  2*6  corresponds  to  a  period  of  5.4032  years  which  is  seen  to 

.  Sub*  t     a£  .  ffet«*  .^:;%-;  • 

agree  very  closely  with  the  period  of  Berberich*  s  orbit. 

To  ascertain  how  large  a  range  to  allow  In  ^  <S  it  is  necessary 
to  find  some  relation  between  ~^£»  and  ~^£,,n  ^\°*\»  and^»^IM.  Th«  rang* 
in  **$\  will  be  due  not  only  to  the  range  in  S,  itself  but  also  to 


the  range  in 


*  <*»,,  , 


and  SMi  because  the  outstanding  residual 


is  thrown  into  the  first  declination. 


In  any  orbit  the  following  relations  hold: 
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C,CM,  o-uU- <-*..  -^O 


Substituting  these  quantities  in  the  first  equation  above  and 
so  IT  ing  for  ~^'^i  gives 


where 

c^cx^i  j;u^;(-^v;'^^H.4c^^.^  f*^ •'* •  v 
^"  ^ 


A 

*    ^  «          _  m    •  —  _      ~^»  ~ 

M.^ 


provided  that  the  middle  place  is  assumed  to  be  accurately  given. 

A  .,  A   ,  C,  C(i  ,  B  .  B,,(  have  the  values  given  on  p.  321  and 

»    M<   i   u.    »          ^-y 

f ,  ,  f)M  are  the  expressions  from  the  original  orbit.  Zn  the  last 
expression  for  K,  the  approximate  expressions  an  p. 266  which  are 
applicable  only  for  short  arcs  have  been  substituted*  namely: 

r  ' 
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•*  *3  -  -t  ¥  • 

Before  determining  the  range  in^^i  it  was  deemed  advisable 

, 

to  differentially  correct  Berberich's  orbit  by  Leuschner'a  method 
on  the  basis   of  the  three  normal  places  used  here.    This  differential 
correction  yielded  the  following  residuals: 
MM*  !<*»  v*ly«  far  *»reseo»din«  to  the  raluce  of  the  individual 
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(0   -  C)      ~^   con  &  *  2".l  *1«.2 

(0   -  C)  -+  0*.2  -3«.l 

$T 

It  seems ,  however ,  that  this  orbit  would  be  preferable  to  the 
I  $  first  4*t  r  period*  5. S, 

least  squares  orbit  for  the  prediction  of  future  places  of  the  comet 

£•  *;'0&"  </e*i*,'ajM  I*e4tt0etf   to 

because  ib  holds  approximately  for  the  extreme  limits  of  the  arc  of 

observation  while  the  least  squares  orbit  has  its   largest  residuals 


corresponding  to  a  mean  motion  of  653". 23. 

->r- 

The  equation  for    oo\    for  this  comet  is 


'•"•v  *" 

,    —  O-  »  I  *|  ***<|    -t-   ex.   H-Go'c)c<M,    —     I  •    ^ 

The  last  term  is  the  value  of  &^0  corresponding  to  the  ^  i°° 

required  to  remove  the  residuals  of  the  orbit  of  period  5.3905  years. 
«sf   •  •    "Rmr^ 

The  limiting  values  for  the  residuals  of  the  observations  com- 

•s  «X  the  period  is  0, 
bined  by  Berberich  in  the  formation  of  the  normal  places  are 
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The  values  used  by  Berberich  to  form  the  normal  places  are 


places  used  is  as  follows: 

C-t-oVu  '-f8" 

r 

. 8 

£7  representing  these  limiting  values  rather  than  the  values 
used  in  the  normal  places  the  largest  positive  value  and  the  largest 
negative  value  for  3<§i  corresponding  to  the  range  of  the  individual 
observation  will  be  found. 
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the  largest  negative  value 

=   -0.620  (5.«0)  -  0.117(2."!)  -4-  0.460(  -3.*8)  *  l.*6  -  U.»fi 
or   ^>o.^  —Is.^O. 

If  the  residuals  in  the  first  declination  for  periods  5.3, 
5.4037*  and  5.5  years  are  reduced  to  equal  intervals  of  0.1  year,  it 
is  found  that  the  first  differences  are  practically  constant,  an  in- 

Sjtj0S?$     :  '#J^A'i&t3«l     fy$ 

crease  of  0.1  year  amounting  to  a  change  of  -20**. 3  in  the  residual. 

••.«*!& t  •  '  •  •>*&  $ 

Therefore  to  remove  the  residuals  in  the  other  three  places  and  fores 
a  residual  of  f-  IP. 2  into  the  first  declination  the  period  of  the 
above  orbit  would  have  to  be  changed  by  -0.0552  years,  maicing  the 
forced  period  5.3353  years.  To  force  the  residual  of  *l&*.0  into  the 
first  declination  in  the  same  way,  the  period  would  have  to  be  changed 

iffpF-  *  * 

by  f  0.0887  years  maicing  the  period  5.4792  years,     therefore  the 
extreme  possible  range  of  the  period  is  0.1439  years  or  52J52  days  as 
compared  with  the  range  of  8  days  allowed  by  Berberich  in  his  ephemeris 
This  would  give  an  extreme  range  of  105  days  instead  of  16  days  in 
1395  and  of  157.5  instead  of  32  in  1900.   the  extreme  range   of  52.5 
days  is  seen  to  include  the  orbits  by  Morrison*  Egbert  and  two  by 
Berberich. 

The  elements  corresponding  to  the  period  5.3905  years  are 
Epoch  1634  August   16.5 
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log     a 
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0.487754 

0.583761 
J)«*r     658". 23 
P        5.3905  years 

If  these  elements  are  allowed  to  undergo  the  same  changes  due 
to  a  change  d^ in /*-  as  the  changes  tabulated  by  Berberich  for  his 
elements  ,  the  elements  corresponding  to  the  limiting  periods  are 

1884        August   16.5 
5.4792  years 
3&9°       59«        09". 7 
301         04 
05 


Epoch   1384     August    16.5 
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36 


28 
00 


51  .1 
33  .7 
30  .0 
22  .3 


log  * 


0.492478 

647*. 58 


0.434773 
J*--     665*.  04 
Equinox     1884.0 

As  *  means  of  comparison  with  Berberich's  ephemeris,  positions 
of  the  comet  were  computed  from  each  of  these  two  extreme  sets  of 

elements  for  August  28  and  December  2,  1900.  the  two  outer  dates  of 

. 

Berberieh's  search  ephemeris.  These  positions  together  with  Berberich's 
positions  are 


•&.M.T.    1900  August  28.5 
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B.M.T.      1900  December  2.5 


k 

Extreme  Range      22   58.0     17  07.8 
Berberich         20   51.1     19  37.1 

By  comparing  the  extreme  ranges  in  position  with  those  assumed 
by  Berberich,  it  is  seen  that  the  range  of  the  search  ephemeris 

* 

•  -r  • 

should  be  considerably  larger  than  that  actually  used*  This  increase 
in  extreme  range  is  due  both  to  the  allowance  mad*  for  the  errors 
of  observation  and  also  to  the  fact  that  the  other  elements  were 

varied  as  well  as  the  period.  The  probable  reason  why  the  comet  was 

• 

not  found  may  therefore  have  been  that  the  comet  reappeared  in  a 

region  outside  of  the  range  of  the  search  ephemeris  and  therefor* 

• 
would  not  be  apt  to  b*  found  except  by  accident. 

Oomet  1881  V  (Denning) 

»-  T *  V  +  1  «,         «.*   *t  A'W 

PBW***>      A  V*     :.*.'... 

Comet  1861  V  was  discovered  by  Denning  in  Bristol  on  October 
4,  1981.  Xt  remained  under  observation  until  November  24.  It  was 
faint  at  discovery,  having  reached  its  maximum  brightness  in  August, 

p*M8  Jf  ^  .i. 

and  continually  decreased  in  brightness.  There  were  in  all  37  ob- 
•  ervatTons^of  October  8,9,  and  12.  Eight  elliptic  orbits  were  com- 
puted ,  the  most  extensive  ones  being  by  Plummer  and  Matthiessen. 

.  • 

The  periods  range  from  7.7  years  to  9.1  years*  The  elements  are  as 

1 
follows; 

Galle:  "Verzeichniss  der  Klemente  der  bisher  berechneten  Comet en- 
bahnen  nebst  Anmerkungen  und  Literatur-Jfaohweisen,* 
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Plummer's  orbit  was  computed  from  eight  normal  place*  and  per- 
turbations were  taken  into  account.  His  orbit  however  was  not  based 
upon  the  whole  arc  of  observation.  The  orbit  by  Matthiessen  was  com- 


puted from  five  normal  places  fcased  upon  the  whole  arc  of  observation 

and  upon  Hartwig's  last  elements.  Matthiessen  used  bchonf eld's  dif- 

2 
ferential  formulae  for  the  corrections  of  the  elements  on  the  basis 

A.*,   2693-96 
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of  the  residuals  in  o^_  and  6  ,  using  the  modification  for  nearly 
parabolic  orbits.   The  perturbative  effect  of  the  planets  Mercury, 
Venus*  the  Karth,  mars,  Jupiter*  and  Saturn  was  considered  in  the 
formation  of  the  equations  of  condition.   These  perturbations  were 
computed  for  every  four  days  by  the  method  of  the  Variation  of  Con* 
stants  and  the  perturbations  for  the  times  of  the  normal  places 
interpolated.   The  resulting  elements  are  as  follows: 
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^           ?  1881  September   13.3499  B.M.T. 

U>  312°   301    52" 

Ob  65      56      55    .6             1881.0 

1  6      51     04.    0 

'•••     "  •  V  *&*  pSi  :                                         ' 

<f  55      55      56    .4 
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log       ft       9.860503 
log       a        0.625927 

P       8.6874  years 
**c,  «rsipi 
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During  the  time  that  it  was  under  observation  this  comet  had 

1  * 

a  very  peculiar  motion  in  declination.  It  remained  within  a  zone 

* 

of   17  minutes  of  arc   in  width  in  declination,  increasing  from 

October  9  to  October   14-  then  decreasing  until  Movember  6,  and  in- 
•B  CNroHH*  **»  a  ad  6     by  071 

or easing  thereafter. 

^        Itatthiessen  computed  a  search  ephemeris  for  a  return  in  1890 

?h-'.,   ,  ,<*  eostet  >>   bat 

using  the  above  elements  and  taking  into  account  the  approximate 

Jupiter  perturbations  for  the  whole  revolution  between  1881  and 

» 

1890.  This  ephemeris  extends  from  January  17  to  August  21,  1890. 
1  A.H.  123  p.  221  and  124  p.  251. 

With  this  ephemeris  corrections  are  published  for  a  variation  of 
the  Perihelion  time  by  one  day  in  either  direction.  Thus  on  March  6, 

the  variation  in  °L  may  be  ^  2?3  •  in  B  +  8''5'  On  *ay  9  these 

variations  are  ~\  3?3  and  ^21'. 9.  thus  the  area  for  search  on 

* 
March  6  was  1°9>  by  17*  ,  on  May  9  1°399  by  43f .8.  As  the  comet  was 
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quite  close  to  the  bun  on  this  return,  there  waslittle  hope  for 
finding  it. 

Berberich  computed  a  short  search  ephemeris  for  the  return  in 
1398  •  extending  from  October  21  to  November  26.  According  to  jaatthies- 
sen'a  orbit  the  perihelion  time  would  be  February  10,  1899.  This 
time  would  make  the  comet  visible  during  the  morning  hours.  f&±* 
^iae—  would  make—  tfre-ogme^-vioiblc  during  the  morning  hours.  However, 
Berberich  realized  the  uncertainty  of  the  elements  due  to  a  short 
arc,  errors  of  observation,  and  indeterminatenees  in  the  computation, 
and  therefore  varied  the  perihelion  time  by  52  days  so  as  to  allow 
for  a  possibility  of  finding  it  during  the  evening  hours.  He  assumed 
fire  perihelion  dates  1898  December  20,  1899  January  1,  January  13, 
January  25,  and  February  6.  This  makes  the  area  of  search  7°  by  2° 
on  October  21,  and  8°  by  0?7  on  November  26.  This  region  of  search 
for  November  26  is  based  upon  only  the  last  three  perihelion  times. 
There  is  no  record  of  the  comet  having  been  found. 

The  orbit  of  this  comet  will  now  be  investigated  by  the  method 
used  for  comet  1334  XI.  The  following  normal  places  of  Matthias  a  en 
are  used: 

B.  M.T.  aasi     C*L  (1881.0) 

I.  October  9.5  143°   29'    39".  8 

II.  October  29.5  153     21     32   .  1  14       40       24   .  1 

III.  November  21.5  160     30     39   .6  +14        53       52   .7 

*y 

Matlihiesoen1  s  orbit  leaves  the  following  residuals  between 
observed  and  computed  c^  and  c.  in  the  first  and  third  places; 
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This  is  practically  a  perfect  representation,  &o  no  attempt 
will  be  mad©  to  differentially  correct  Matthiessen1 8  orbit  by 
Leusohnerfs  method  to  obtain  a  better  representation. 

Differential  corrections  were  made  by  -beuschner'e  method  with 
the  assumption  of  zero  residuals  and  periods  8.4  and  8.9  years.  The 
residuals  resulting  from  these  differential  corrections  are 
Period  8.4  Year* 


x  r  * 

(0   -  C)  J*.oo»  ci  -v  44*.  4 


(0  *  C)^  -60  .7   -37  .4*      -*  16  .d     -15  .  1 

It  is  seen  that  an  increase  of  0.1  year*  in  the  period  cor- 

responds to  a  change  of  15M  .  5  in 

The  expression  f  or  2^  ,  in  terms  of  ~2>$tn  ,  ^^  ,  and  "^^.i,, 

in  this  case  is 

^SY^   (-l.ll»P^M,-t   (Q.045p*i  *  ^0.035)^^,,,  - 

(^o  may  be  regarded  constant  for  the  purpose  in  hand  and  therefore 

K  ^f0  equals  zero. 

The  limiting  values  for  the  residuals  of  the  observation*  used 

by  Matthiessen  in  the  formation  of  the  normal  place*  are  aa  follows: 

:o  &t  ti,*  'S; 


-1.42  7+0.12  -»  »   .6  -1  .0 

V:  :!<?*« 

The  values  actually  us*d  in  the  formation  of  the  normal  place* 
are 
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Therefore  the  greatest  negative  change  in  <c\  ,  due  to  a  possibility 
of  the  limiting  observations  being  the  correct  ones  would  be  represent- 
ed by 

(.1.119)  (6".2K(0.043)(-7".5)-V-(-0.035)(2ll.4)  -3*. 5^  -10". S 
The  greatest  positive  change  would  be 

(-1.119)(-19".7)'V-(0.043}(11H.OH  (-0.035}(-2".2)-»-  5*. 6=  +  28". 8 
bince  there  is  a  range  of  over  a  second  of  time  in  the  right  ascen- 
sion ol  the  miiioie  place  »  the  inaccuracy  of  which  has  been  neglected 

in  this  case  as  in  the  case  of  the  orbit  of  Comet  1884  It  •  these 

-^r 
changes  in  °<>\  ,  may  be  called  roughly  -15"  and -I- 30".  Since  a  change 

of  -V-  16*. 5  in  ~<^i  f  corresponds  to  a  change  of-*- 0.1  years  in  the 
period,  the  change  of  +30*  corresponds  to  a  change  of -t-  0.194  years 
and  the  -15U  to  a  change  of  -0.097  years  in  the  period,  this  maJces 
an  extreme  range  of  0.291  yeary  or  106.2  days  as  compared  with  the 
range  of  2  days  allowed  in  the  perihelion  time  for  the  1890  emphemeris 
and  of  312  days  as  compared  with  the  range  of  52  days  allowed  in  the 
1899  ephemeris. 

In  Tiew  of  the  large  residuals  in  the  right  ascensions  of  the 
first  and  third  places  and  in  the  declination  of  the  third  place 
resulting  from  the  attempt  to  force  periods  of  S.4  and  8.9  years, 
it  was  deemed  advisable  to  represent  these  places  by  means  of 
Matthieseen's  orbit.  Theatres en tat ion  yielded  the  surprising  resi- 
duals   
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A  differential  correction  to  remove  these  residuals  resulted  in  a 
period  of  8.309  years.   A  comparison  of  this   period  with  those  of 
the  orbits  taVulatea   shows   it   to  fe«  in  close  agreement  with  the 
periods  of  the  orbit  "by  Plummer  and  that  by  Hartwig.   This,  together 
with  the  close  agreement  between  those  two   orbits,  makefe  it  advis- 
able to  assume  as  the  moat  probable  period  the  mean  of  the  periods 
3.83  and  6.857  years.    This  mean  is  8.844  years.   Applying  the  vari- 
ations  of  -0.097  years  and+0.194  years  to  this  period  gives  8.747 
and  9.038  years  as  the  approximate   limiting  values  of  the  period. 
This  range  is  seen  to  include  three  of  the  orbits  tabulated,  while 
the  orbits  by  Block  and  Matthiessen  are  just  beyond  the  limits. 

The  elements  corresponding  to  these  limiting  periods  are 
Epoch         1381       October  29.5  B.M.T.  October  29.5 

3.747  years  9.038  years 

5°    11*      06"  4°   53'    67 • 

313      36        13  314     31     33 

65     05        41  64     36      58 

6      44        48  6      41     07 

55     49        18  56      16     36 

log  a     0.62791  0.63738 

JUL-  405". 65  392.59 

Equinox   1881.0 

The  search  ephemeris   for   1890  gives   the  following  position 
for   1890  January   17.5  B.M.T. 
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perihelion  time  by  1  day.  For  the  sake  of  comparison*  positions 
for  1890  January  17.5  were  computed  with  the  two  limiting  sets  of 
elements.  These  positions  are 

:  .-  „,•.".; 

P  -  8.747  years  I1-  9.038  years 

Vi  n<  «  Vi  m  <* 

°^  app      I8h  36m   58*  I6ft     54m  07S 

Co  0 

<?   app      -24°   59'. 0  -23*     25»  .9 

j.  "  '•  v,  V    -  ,$  i 

thus  on  January  17.5  the  comet  could  lie  anywhere  in  an  area 
25°43f  by  2°33*  as  compared  with  the  area  39'.0  by  19' .8  allowed 
by  Matthiessen.  The  failure  to  find  the  comet  may  hare  been  due  to 

•'•  ,*•-'#»*•  ^.*»*w     &,f     •*•  li  »     tfM^  VAV&i  fe.V    tt£*    QAl'i.f  ^V^mLft     fT&JF*   -jijfeMBlfft*' 

the  fact  that  it  lay  outside  the  area  allowed  for  in  the  search 
epheaneris.  It  thus  seems  that  more  allowance  should  have  been  made 
for  errors  in  observations  and  for  indeterminatenees  ,  and  that  the 


other  elements  should  have  been  varied  as  well  as  the  period. 

In  A.M.  101  p. 78  Winnecke  mentions  the  possibility  of  the 
identity  or  this  comet  with  one  discovered  by  Uoldschmidtt  on 
May  16,  1855,  in  the  position 

<*--  21h  14*  46*,          5^  -15  38'. 

Winnecke  found  that  if  Denning1 s  comet  passed  through  perihelion 
on  August  5,  1855 t  then  according  to  the  orbit  by  Hartwig  and 
Wutschichowaki  on  May  16,1855,  it  would  be  in  the  position0^  325°  , 
£-  -19°.  This  difference  in  position  would  change  the  period  to 
8.72  years.  He  accounted  for  this  difference  by  the  fact  that  if 
these  comets  are  identical  the  comet  would  have  passed  through 
perihelion  on  January  12,  1873  within  0,02  astronomical  units  of 
Venus.  The  period  8.72  years  lies  clove  to  the  lower  limit!  found 
above.  This  fact  seems  to  add  to  the  suspicion  as  to  the  identity 
of  the  two  comets. 
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J'rom  the  investigations  dn  these  two  comets  it  can  be  concluded 
that  the  failure  of  certain  comets  to  be  found  on  their  predicted 
returns  is  in  many  cases  probably  due  to  an  altogether  too  limited 
range  of  the  search  ephemeridee  *  the  elements  being  considerably 
less  accurate  than  the  computers  have  supposed  on  the  basis  of  their 
unnecessarily  refined  investigations* 
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